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酸对生成的 HA 形貌及结构的影响。通过比较 CaCl2/Na2HPO4/氨基酸和
Ca(NO3)2/(NH4)2HPO4/氨基酸两种反应体系生成 HA 晶体的结构发现，前者体
系中的 Na+、Cl-对生成 HA 晶体形貌有干扰。此外，研究了磷酸量、加热、陈
化以及氨基酸的种类对生成 HA 晶体形貌和粒度的影响。结果表明，当




























Hydroxyapatite (HA) is the main inorganic mineral components of bones and 
teeth. HA in bone with special crystal morphology and grain size mainly is 
controlled by the biological molecules, for example, collagen and bone 
morphogenetic protein. Therefore, the focus of scientific research is preparation of 
HA crystals with special size, shape and physical and chemical properties. 
Controlled synthesis of hydroxyapatite nanorods with different sizes and its reaction 
mechanism have been studied in this paper, by using X-ray diffraction (XRD), 
transmission electron microscopy (TEM), high-resolution transmission electron 
microscopy (HRTEM), infrared spectroscopy (FT-IR) and other analytical testing 
products to characterize composition and physical and chemical properties.  
In this study, synthesis of HA by precipitation process by adding different kinds 
and levels of amino acids to study its effect on morphology and structure of HA. By 
comparing two kinds of the reaction system, that is CaCl2/Na2HPO4/amino acid and 
Ca(NO3)2/(NH4)2HPO4/amino acid, it was found that Na+, Cl- in the former interfere 
with the crystal structure and particle size of HA. In addition, the effect of the 
amount of phosphoric acid, heating, aging and the kinds of amino acid on the crystal 
morphology and particle size of HA have been studied. The results shows the 
Ca2+/PO43- molar ratio of 3:1 generate more amorphous HA and the HA grain size is 
relatively smaller. Heating causing larger and more regular crystals. Aging for one 
week had no effect on crystal morphology and grain size of HA. Four kinds of 
amino acid could inhibit the growth of HA crystals, but the impact varies and is 
mainly related to its side chain groups.  
In accordance with specific molar ratio of Ca(NO3)2/(NH4)2HPO4/amino acid, 
three stable colloidal solution of amino acid-HA were prepared, glycine-HA, 
arginine-HA and histidine-HA colloidal solution. These colloidal solutions all can be 
be stable at room temperature. The size of the colloidal particle differs with the kind 















will result in the precipitation of colloidal solution. 
This reserch prepared HA nanorods with a specific size by precipitation process, 
a certain amount of amino acids adding to the reaction system. Controlled 
preparation was achieved during the process. The paper also discussed the reaction 
mechanism, offering some theoretical support for the following application. 





























































































































































Furukawa 等[9]采用高强 HA 制备高强 HA/聚乳酸复合材料的研究发现，材
料在植入动物体内 25 周后弯曲强度仍在 200 MPa 以上，高于皮质骨内固定材
料抗弯强度 200 MPa 的 低要求，52 周后仍有 150 Mpa。8 周后分子量降低为




















较多的有骨形态发生蛋白（bone morphogenetic protein, BMP）、转化生长因子 β
（transforming growth factor, TGF-β）、胰岛素样生长因子（Insulin-like growth 
factor, IGF-I）、成纤维细胞生长因子（fibroblast growth factor, FGFs）、血小板衍
生生长因子（platelet derived growth factor, PGDF）等。其中，研究比较深入的
是 BMP，它是一类酸性多肽，能诱导未分化的间充质细胞不可逆地分化为成骨
细胞和软骨细胞，从而诱导新骨形成，且 BMP 的作用无种属特异性，具有跨













材料，均获得了高纳米 HA 含量和分散均匀的复合材料。测试表明 HA 以纳米
级均匀地分散在聚酰胺基体中。在复合材料的两相界面间有化学键形成，此复
合材料的抗压、抗弯强度和弹性模量与人体皮质骨类似。 
1.2 HA 国内外研究现状 
























貌和低结晶度的 HA 晶体。HA 能与骨形成牢固的化学键合，同时具有良好的
骨传导性和细胞相容性[14]。在骨质中，HA 含量大约占 60%，HA 是一种长度





人工合成的 HA 的分子式为 Cal0(P04)6(OH)2，是空间群为 P63/m 的六方晶
系的结晶结构，其晶胞参数分别是[15]：a=b=0.942 nm，c=0.6875 nm，Z=2，其
晶体结构图 1-1 所示[16]，一个 HA 晶胞中含有十个 Ca2+，六个 PO43-，和两个
OH-。10 个 Ca2+占据两种位置，六个 Ca2+中三个位于 Z=1/4（或 0.25）、另三个
位于 Z=3/4（或 0.75）的位置、四个 Ca2+占 Z=0 和 Z=l/2（或 0.5）的位置。Ca2+
很容易与一价或二价阳离子，如 Mg2+、Zn2+、Sr2+发生交换。[OH]-位于 HA 晶
胞的四个角上，[OH]-位置易被卤素元素替代，并且置换速度非常快。一个 P
原子被四个 O 原子包围形成[PO4]四面体。六个[PO4]四配位体分别位于 Z=0.25


















图 1-1 空间群为 P63/m 的 HA 晶胞[16] 
Figure 1-1 The unit cell of hydroxyapatite in P63/m space group[16] 
 
1.2.2 HA 的合成方法 
自从 20 世纪 50 年代以来，HA 的合成得到了医学和材料学领域的广泛研
究，早期 HA 的合成方法有高温固相法、水热法和沉淀法[17]等。随着纳米技术







的角度同时提高反应速度。Silva 等[18]将 Ca3(PO4)2·xH2O 与 Ca(OH)2、CaHPO4
与 Ca(OH)2、Ca(OH)2 与 P2O5、CaHPO4与 CaCO3四组固体混合物研磨 60 h，






















冯杰等[19]将 Ca(NO3)2·4H2O 与 Na3PO4·12H2O 在纯固态下，经充分研磨后
用微波加热 30 s 获得粒径为 40 nm 的羟基磷灰石粒子。当 Ca/P 为 1.67 时，用












近理论值的晶体粒子。颗粒的平均尺寸为长 140-1300 nm，宽 20-100 nm，厚
10-40 nm。该高速分散设备为晶体在[001]方向的生长提供了适合的条件。羟基


















吸引、氢键、疏水性缔合等。Rhee 等[22]将硫酸软骨素溶于 0.7 mol/L 的 H3PO4
溶液中，再将该混合溶液缓慢加入 0.45 mol/L 的 Ca(OH)2 溶液中，同时剧烈搅























































Kaili 等[27]以十六烷基三甲基溴/正戊醇微乳液/正己烷水热条件下，以 w/o 微乳
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